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A B S T R A C T
Background: Associations between electrophysiological and histological ﬁndings might provide an
insight into the epileptogenicity of mild focal cortical dysplasia (FCD) in patients with temporal lobe
epilepsy (TLE) and a dual pathology.
Subjects andmethods: A total of 22 patientswith pharmacoresistant TLEwere included in the study, 16 of
them with histologically conﬁrmed hippocampal sclerosis (HS) associated with neocortical temporal
mild Palmini Type-I FCD subtypes and 6 with HS. Intraoperative electrocorticography (ECoG) recordings
were analysed for epileptiform discharge frequency andmorphology. Associations between histological,
and electrocorticography pattern ﬁndings in these patients were analysed. Electroclinical outcomes in
these patients were also evaluated.
Results: Neocortical areas with mild Palmini Type-I FCD showed a signiﬁcantly higher spike frequency
(SF) recorded in the inferior temporal gyrus than those neocortical areas in patients with HS. There was a
tendency to higher spike frequency and lower amplitude in neocortical areas with histopathologic
subtype IB FCD in relation with IA during intraoperative ECoG. Post-SF excision and amplitude were
signiﬁcantly lower during neocortical post-excision intraoperative ECoG than during neocortical pre-
excision recording. There was no difference found in the clinical outcome between patients with and
without FCD.
Conclusions: Intraoperative electrocorticographic interictal spike frequency recorded in the neocortical
inferior temporal gyrus may help to characterize the histopathologic subtypes of mild Palmini Type-I
FCD in patients with temporal lobe epilepsy (TLE) and a dual pathology. Our data support the
epileptogenicity of neocortical mild FCD in TLE and assessments of ECoG patterns are relevant to
determine the extent of the resection in these patients which can inﬂuence the electroclinical outcome.
 2009 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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The role of dual pathology (hippocampal sclerosis and
additional focal cortical dysplasia) in the temporal lobe epilepsy
has been the subject of controversial discussions.1–6 It has been
suggested that increased neuronal density in thewhitemattermay
be merely an epiphenomenon as a consequence of white matter
atrophy secondary to epilepsy-induced damage.7,8 Some authors
have suggested that hipocampal sclerosis is a consequence of
increased susceptibility to hyperthermia-induced seizures as a
result of the presence of neuronal migration disorders in the* Corresponding author. Tel.: +53 7 271 6844; fax: +53 7 273 2420.
E-mail address: lilia.morales@infomed.sld.cu (L. Morales Chaco´n).
1059-1311/$ – see front matter  2009 British Epilepsy Association. Published by Else
doi:10.1016/j.seizure.2009.06.008temporal lobe.9,10 Finally, it has been proposed that hippocampal
sclerosis and focal cortical dysplasia (FCD) of the temporal lobe
have a commonpathogeneticmechanismduring embryogenesis.11
Although this dual pathology of the temporal lobe is frequently
observed in epileptic patients, the clinical signiﬁcance of the
dysplastic tissue in the neocortical temporal lobe, in particular its
epileptogenesis, remains unclear.11–16 About 76% of patients with
FCD suffer from pharmacoresistant epilepsy.17 Thus, epilepsy
surgery represents an important treatment option for these
patients. Though reports on the post-operative outcome of these
patients are disputatious. Early studies reported that patients with
hippocampal sclerosis and associated microscopic cortical dyspla-
sia have a higher risk for seizure recurrences after epilepsy
surgery,18,19 as compared with patients with mesial temporal
sclerosis. However, more recent investigations could demonstratevier Ltd. All rights reserved.
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pathologies are removed.20–22
Former reports had also shown a poor outcome of epilepsy
surgery in patients with focal cortical dysplasias13,23–27 as
compared with patients with benign tumors or hippocampal
sclerosis. Several reasons for this issue have been explained due to
often extratemporal localization, poor morphological demarcation
and high epileptogenic potency of minimal residual tissue.
Acute intraoperative electrocorticography (ECoG) provides a
unique opportunity to assess the epileptogenicity of exposed
cortical areas during surgery.28,29 This technique is based on the
assumption that epileptiform discharges recorded from the cortex
are indicators of local cortical involvement in an epileptogenic
network which is also related to interictal spikes recorded during
presurgical EEG surface. There are reports concerning ECoG spike
discharge patterns in Palmini Type-II FCD, with persistence of
seizure patterns or ictal-like and/or continuous epileptiform
discharges in ECoG postresection recordings as predictive of poor
surgical outcome.30,31
Electrocorticography recordings from the temporal neocortex
(TN) may provide additional information on this topic and thus
contribute to a better understanding of the clinical signiﬁcance of
mild dysplastic tissue in the neocortical temporal lobe. These data
in patients with HS associated with microscopic FCD Type-I have
not yet been reported. In this study the intraoperative ECoG
patterns in areas with mild Palmini Type-I FCD histopathologically
conﬁrmed in refractory TLE patients were evaluated as well as the
clinical outcome ﬁndings in these patients.
2. Patients and methods
The database of the International Center for Neurological
Restoration, Havana, Cuba (CIREN) Epilepsy Surgery Program
(from 2002 to 2006) was searched for patients with temporal lobe
epilepsy who had a ﬁnal diagnosis of microscopic FCD without
abnormal neocortical ﬁndings in the clinical MRI. In the present
study, patients were included if they had microscopic FCD
associated with hippocampal sclerosis (described as dual pathol-
ogy (TLE-DP)). Likewise a group of patients with HS was also
evaluated. Refractory focal epilepsy was the common cause of
admission to the program.
The size of the group was 22 patients with pharmacoresistant
temporal lobe epilepsy (TLE), 16 of them with histologically
conﬁrmed HS associated with neocortical temporal Palmini Type-I
FCD subtypes and 6 with hippocampal sclerosis.
Presurgical evaluation was performed at the International
Center for Neurological Restoration, Havana, Cuba. All patients
underwent presurgical evaluation program which included: (a)
Surface video EEG-monitoring using the 10–20 system and
additional electrodes; (b) MRI scans with a 1.5 T scanner (Siemens
Magnetom Symphony). The following sequences were performed:
T1-weighted images with and without gadolinium–DTPA, T2-
weighted images, ﬂuid-attenuated inversion recovery images and
magnetization-prepared rapid gradient echo sequences. Addition-
ally, axial images were obtained with a modiﬁed angulation
parallel to the temporal lobe long axis to evaluate the mesio-
temporal structures. (c) Magnetic resonance spectroscopy (MRS);
(d) HMPAO single-photon emission computed tomography. (e) A
comprehensive battery of neuropsychological tests (comprising
the assessment of attention, memory, higher verbal and visual
functions).
Radiological diagnosis of MTS is based on three magnetic
resonance image (MRI) ﬁndings: (1) Atrophy of the hippocampus,
reﬂecting the loss of neurons. (2) Increased hippocampal-T2 signal
intensity and low signal on T1-weighted images. (3) Loss of
hippocampal internal architecture.In order to quantify the mesial and neocortical volume in the
post-processing period a volumetric MRI analysis was also
performed.32
Family and patient informed consent was received in all cases.
2.1. Intraoperative electrocorticography
Acute intraoperative ECoG was routinely performed during all
surgeries in our epilepsy surgery program. Anterior standard
temporal lobe surgery including complete amigdalohippocam-
pectomy was performed under general anesthesia using intrave-
nous propofol as the only anesthetic agent, and continuous
intravenous fentanyl as analgesic. After opening the duramater, an
effective number of 16 electrodes, with intercontact distances of
10 mm were placed on the exposed temporal cortex surface
(superior, middle and inferior temporal gyrus). The electrodes (16-
channel ECoG electrode set, Montreal design), were usually
repositioned during the procedure resulting in a larger sampling
area. The mesial and inferior temporal regions were assessed with
the insertion of four contact electrode strips subtemporally
reaching the mesial regions. Prior to ECoG recording, the propofol
infusion was discontinued while the patient remained on fentanyl.
The duration of ECoG recordings varied from 17 to 32 min
(22.18  4.94 min), but pharmacological activation was not per-
formed.
The amount of resection was based on a combination of results
obtained from presurgical evaluation and intraoperative ECoG
ﬁndings. Postoperative MRI scans were performed to conﬁrm the
amount of resected temporal lobe (these data were not shown in
this study).
2.2. Tissue characterization and histopathological examination for
mild Palmini FCD diagnosis
The neocortical resected blocs varied in size depending on the
ECoG result. The resected tissue submitted to CIREN’s Department
of Pathology was taken from a point with representative distinct
recorded electrical activities. These representative specimenswere
ﬁxed for 72 h in 10% buffered formalin, embedded in parafﬁn, cut al
6mm thickness stained with haematoxylin–eosin, and Klu¨ver–
Barrera myelin special stain. In selected cases, immunohistochem-
ical reactionwith glial ﬁbrillary acid protein (GFAP)was conducted
in order to demonstrate astrogliosis and/or balloon cells.
Synaptophysin was performed when immunohistochemical stain-
ings were necessary.
The major pathological features of FCD are: disorganization of
the normal laminar, columnar cortical architecture and the
cytology of individual neurons.
In order to distinguish between specimens with and without
FCD we used Palmini’s classiﬁcation33: isolated architectural
abnormalities (dyslamination, FCD IA), architectural abnormalities
plus giant or immature neurons (FCD IB), additional dysmorphic
neurons (FCD IIA) and additional balloon cells (FCD IIB). Focal
cortical dysplasia in temporal location associated with hippocam-
pal sclerosis was described as dual pathology (TLE-DP). Hippo-
campal sclerosis (HS) was deﬁned by neuronal loss in CA1, CA3,
and CA4 regions of the hippocampus. The presence of FCD and HS
was conﬁrmed independently by two neuropathologists.
2.3. Electrocorticographic recordings and analysis
ECoG data acquisition was performed with a Medicid-5 digital
EEG system (Neuronic SA, Cuba), with 32 channels, 256 Hz
sampling rate and a 16 bit analogue-to-digital converter. Data
were band-pass ﬁltered between 0.53 and 70 Hz. ECoG-analyses
were performed by two board-certiﬁed electroencephalographers.
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criteria mainly on the basis of Boonyapisit 2003. The interictal
epileptiform discharges were classiﬁed into four patterns: (a)
isolated spikes, that is, amplitude >200 mV, frequency >7 Hz,
irregular ﬁring, (b) repetitive spikes: burst duration >0.5 s,
amplitude >200mV, frequency 7–10 Hz, regular ﬁring, (c)
paroxysmal fast: burst duration >0.5 s, frequency >10 Hz, regular
ﬁring, and (d) runs of slow repetitive spikes: burst duration >0.5 s,
amplitude >200 mV, frequency <7 Hz, regular ﬁring.34
Quantiﬁcation of discharges in each register-electrode was
determined by using the Neuronic automatic spike detection
system. These results were visually reviewed for artifacts by two
clinical neurophysiology specialists. All spike activity regarded
artifactual was excluded. The absolute spike frequency (ASF),
percentage and amplitudewere automatically calculated in each of
the evaluated structures: superior temporal gyrus, middle
temporal gyrus and inferior temporal gyrus as well as mesial
structures. In order to correct for amplitude skewness, statistics
were carried out on log transformed values.
As for the repetitive spiking and paroxysmal fast pattern, each
burst of repetitive spiking and paroxysmal fast pattern was
counted as one unit of interictal spiking activity. Only independent
mesial and neocortical spike pattern, and specially, the isolated
spike were considered in our analysis.
2.3.1. Electroclinical outcome
The postoperative follow-up ranged from 12 to 48 months. For
seizure prognosis assessment, patients were classiﬁed according to
Engel’s classiﬁcation.35
2.4. Statistical analysis
Statistic 6 was used for data storage and statistical analysis.
Data are expressed as mean  SD. The level of signiﬁcance between
mean age at onset, age at operation, duration of epilepsy and
presurgical seizure frequency in the patients group with FCD or HS
was estimated by the Student’s t test.
The median value of the frequency and amplitude of interictal
spikes pattern per min. were compared between each different
pathologic substrates (FCD IA, IB, HS and normal) using a Mann–
Whitney U-test. The Wilcoxon matched pair test was applied to SFTable 1
Clinical and neuropathological data.
No. patient Age/sex Seizure
onset/years
Seizure
duration/years
Risk factors Su
re
1 32/M 1 31 Febrile seizure L
2 36/M 6 28 Encephalitis L
3 36/M 4 32 trauma R
4 38/F 29 9 – L
5 35/F 1 34 Febrile seizure R
6 29/F 1 28 Febrile seizure R
7 52/M 26 26 – L
8 25/F 1 25 Febrile seizure L
9 41/F 26 15 – L
10 45/F 20 25 Perinatal insulte L
11 30/F 20 10 Trauma R
12 34/F 1 34 Febrile seizure L
13 35/M 22 13 Febrile seizure L
14 22/F 4 16 – L
15 41/M 5 36 Perinatal insulte R
16 36/M 30 6 Encephalitis R
17 32/F 22 10 – R
18 37/F 8 29 – R
19 30/M 18 12 Trauma R
20 21/M 19 2 Perinatal insulte L
21 16/M 14 2 L
22 35/F 14 21 Perinatal insulte R
F: female; M: male; R: right; L: left; FCD: focal cortical dysplasia.data for each patient, to compare the SF during pre-excision and
post-excision ECoG recording. Fisher’s exact tests were used to
evaluate the interictal ECoG patterns and the surgical outcome in
relation to different pathologic substrates. For statistical analysis a
p value <0.05 was deﬁned as statistically signiﬁcant.
3. Results
The demographic, clinical and histopathologic data of the
patients are summarized in Table 1. There was no statistically
signiﬁcant difference in median age at onset of seizures, age at
operation, duration of epilepsy and presurgical seizure frequency
between TLE patients with histologically conﬁrmed HS associated
with neocortical temporal Palmini Type-I FCD subtypes and those
with hippocampal sclerosis, p > 0.05.
None of the patients with microscopic dual pathology had
neocortical imaging abnormalities in the clinical MRI performed
during presurgical evaluation, whereas hippocampal sclerosis was
detectable in MRI in all of them and histologically conﬁrmed.
Detailed pathologic examinations of various resected neocortical
tissue from all patients included in the study showed the
following: microscopic dual pathology (hippocampal sclerosis
associatedwith FCD)was diagnosed in 16, 10with FCD Type-IA, six
with Type-IB and six with HS.
3.1. Electrocorticographic patterns and mild Palmini Type-I FCD
patients with temporal lobe epilepsy
Pre-resection ECoGswere scored for the presence of one ormore
types of pre-deﬁned morphological interictal epileptiform neocor-
tical patterns (Figs. 1 and2). Isolatedspikeswereobserved in100%of
neocortical ECoG recordings of TLE patients with histologically
conﬁrmed HS associated with neocortical temporal Palmini Type-I
FCD subtypes (FCD IA and IB), and also in HS patients.
As shown in Table 2, the incidence of slow repetitive spikes,
repetitive spike and fast parorysmal patterns was different in
patients with and without FCD. Equally, the combination of two or
three morphological interictal ECoG patterns were recorded in all
TLE-DP patients, whereas in two patients with HS the association
between isolated spikes and slow repetitive were seen during pre-
resection ECoGs.rgical
section
Dual
pathology
FCD
subtypes
Outcome
seizure free (Y/N)
Presurgical seizure
frequency/month
Yes IA Yes 10
Yes IB Yes 14
No – Yes 12
No – Yes 15
Yes IA Yes 12
No – Yes 14
Yes IB Yes 15
No – No 15
Yes IA No 15
Yes IB Yes 10
Yes IA Yes 13
Yes IA Yes 11
Yes IA No 11
No – No 11
Yes IB Yes 21
Yes IB Yes 12
Yes IB Yes 8
No – Yes 11
Yes IA No 10
Yes IA Yes 4
Yes IA No 16
Yes IA Yes 8
Fig. 1. (A) Example of interictal ECoG repetitive spike pattern (inside the square) recorded in the inferior temporal gyrus, in a patient with histopathological diagnosis of
hippocampal sclerosis associated with neocortical temporal mild Palmini Type-IA FCD. (B) Cerebral cortex without FCD (Klu¨ver–Barrera; bar: 100mm). (C) Histopathological
features of focal cortical dysplasia (FCD Type-IA), isolated architectural abnormalities (dyslamination). There is focal loss of neurons involving cortical layers two, three and
four. Hematoxylin–eosin; bar: 100 mm.
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FCD showed signiﬁcantly higher absolute spike frequency
recorded in the inferior temporal gyrus (mean 6.67 min1) than
those neocortical areas in patients with only HS (mean 1.14 min1)
Mann–Whitney U-test p = 0.03 as shown in Fig. 3A. There was a
tendency to higher SF (mean 10.08 min1) and lower amplitude in
neocortical areas with histopathologic subtype-IB FCD in relation
with that one with IA (mean 5.10 min1), during intraoperative
ECoG (Fig. 3B and C).Table 2
Spike patterns as correlated with the corresponding histopathologic changes.
Dual pathology
(n = 16)
HS
(n = 6)
p-Value Fischer
exact test
Isolated spikes 16 6 NA
Repetitive spikes 13 0 0.01
Paroxysmal fast patterns 12 0 0.02
Slow repetitive patterns 14 2 0.02In addition, it was also found that SF was signiﬁcantly higher in
patients with temporal neocortical atrophy evaluated by volu-
metric MRI, although this did not reach statistical signiﬁcance
(7.7 min1 in normal vs. 11.2 min1 in patients with atrophy)
3.2. Mesial and neocortical post-excision ECoG epileptiform discharge
vs. electroclinical outcome
Although 42.8% of patients had residual or post-excision ECoG
epileptiform discharge in the neocortical temporal areas, the SF and
amplitudewere signiﬁcantly lower duringneocortical post-excision
intraoperativeECoG (mean3.37 min1) thanduringneocortical pre-
excision recording (mean 7.79 min1, p = 0.04 Wilcoxon matched
pairs test) Fig. 4. Post-excisional spiking inmesial structureswas not
evaluated due to the surgical technique used.
No signiﬁcant correlation in SF was observed between
intraoperative ECoG post-excision and postsurgical seizure fre-
quency, Spearman correlation (p > 0.05). In this study 100% of
patients with Palmini Type-IB FCD and 60% with Type-IA were
Fig. 2. (A) Example of interictal ECoG patterns (1) isolated spike (red marked) and (2) repetitive spike pattern (inside the square). These activity was recorded in the inferior
temporal gyrus, in a patient with histopathological diagnosis of hippocampal sclerosis associated with neocortical temporal mild Palmini Type-IB FCD. (B) Histopathological
features of focal cortical dysplasia Type-1B (dyslamination associated with giant and immature neurons). Hematoxylin–eosin; bar: 100mm. (For interpretation of the
references to color in this ﬁgure legend, the reader is referred to the web version of the article.)
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There was no difference in the clinical outcome between patients
with andwithout FCD. 66.6% of patients with HSwere also seizure-
free, p = 0.54, Fischer exact test. In general, 72.7% of our patients
were in Engel 1a Scale a year after surgery.
4. Discussion
The results presented show that even tissuewithmild dysplastic
features such as FCD subtypes-I could be epileptogenic and that the
histological subtype may inﬂuence interictal frequency and
amplitude of the electrocorticographic patterns. It was found that
SF in the inferior temporal gyrus was signiﬁcantly higher in mild
Palmini Type-I FCD patient than those with HS. There was also a
tendency to higher SF and lower amplitude in neocortical areaswith
histopathologic subtype-IB FCD in relation with IA during intrao-
perative ECoG. These ﬁndings are in agreement with Boonyapisit
et al. results in 2003, they found that cortical areas with
histopathologic subtype-IIA FCD showed signiﬁcantly higher
numbers of slow repetitive spike patterns in relation to histopatho-
logic Type-I and normal pathology. This author showed that areas
with characteristics of FCD Type-IIA are more epileptogenic than
areas with characteristics of FCD Type-I and Type-IIB.34 A formerstudy in patients with FCD in extratemporal localization, demon-
strated selective occurrence of ictal or continuous epileptogenic
discharges (I/CEDs) in FCD as compared with control epileptic
pathologies. In that study, most of the patients had FCD Type-IIB
(Taylor-type) in the histological examination and they reported
continuous or quasicontinuous rhythmic spiking in 35% of patients
and repetitive bursting pattern in 30% of patients.31 Fauser et al.,
using invasive EEG recording (simultaneous deep electrodes in the
hippocampus and subdural electrodes over the TN in temporal lobe
dual pathology) postulated that the histological subtype may
inﬂuence the interictal electrographic patterns more than the
localization or the presence of dual pathology. These authors found
that in patients with severe hipocampal sclerosis and a dysplastic
TemporalNeocortex (TN), the seizureonset fromtheTNdonot seem
to be an exception and it is probablymore common than in patients
withmesial temporal sclerosis.36 In these patients the seizure onset
from TN has been reported in only 0–5% ofmost studies.37–41 It was
hypothesized that the absolute frequency of the interictal epilepti-
form discharges in the neocortical inferior temporal gyrus recorded
during intraoperatory ECoG may help to characterize TLE patients
with HS associated to mild Palmini-I FCD.
The Epileptiform quantiﬁcation Activity (EA) was devised to
facilitate conceptualization of EA abundance and calculate the ECoG
Fig. 3. (A) Interictal absolute spike frequency during intraoperative
electrocorticography recording (inferior temporal gyrus) in patients with dual
pathology (hippocampal sclerosis (HS) associated with neocortical temporal mild
Palmini Type-I FCD), and those with HS. The mean spike frequency was 6.67 min1
and 1.14min1 in patients with DP (dual pathology) and thosewith HS, respectively.
Mann–Whitney U-test p = 0.03. (B) Interictal absolute spike frequency during
intraoperative electrocorticography in neocortical areas with histopathologic
Palmini Type-I FCD subtypes (IA and IB). (C) Amplitude of interictal ECoG pattern
in these areas. Note that there was a tendency to higher SF and a lower amplitude in
neocortical areas with histopathologic subtype-IB FCD than in those with 1A FCD.
Data were plotted as mean SF, mean log amplitude and SE for each group of patients.
Fig. 4. (A) Neocortical interictal spike frequency (SF) during pre- and post-excision
electrocorticography recording in areas with histopathologic Palmini Type-I FCD
subtypes. (B) Amplitude of interictal discharges pre- and post-excision neocortical
ECoG. Data were plotted as mean SF, mean log amplitude and SE for each group
patients? SF pre-excision (mean 7.79 min1, range 1.3–16.7), SF post-excision
(mean 3.37 min1, range 0.4–9.4 min1). Wilcoxon matched pairs test (p = 0.04).
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repetitive spike patterns were the most frequent interictal ECoG
patterns seen in these patients (pharmacoresistant TLE with mild
Palmini Type-I FCD). Few studies are available in the literature on
ECoGpatterns for this groupofpatients. ThepublishedECoGﬁndings
in cortical dysplasia have used different nomenclature and deﬁni-
tions, such as: slow repetitive spikes, rhythmic spike discharges,seizure patterns (consisting of continuous spiking, bursts of
rhythmic spikes and trains of fast activity), continuous epileptogenic
discharges, frequentorcontinuous rhythmic spiking, andcontinuous
frequent spiking.36,42 The difference in the used terminology makes
this comparison difﬁcult, however, continuity and rhythmicity
appear to be important characteristics of ECoGpatterns. In our study
isolated spikes, slowrepetitive, repetitive spikes and fastparoxysmal
patterns in decrescent order were the most frequent morphological
ECoG patterns recorded in the inferior temporal gyrus.
It was also found that SF was higher in those patients (with
Palmini FCD I-subtypes) with temporal neocortical atrophy
evaluated by volumetric MRI, although this did not reach statistical
signiﬁcance. Ferrier et al., reported that at least for patientswith FCD
or glioneuronal tumors (GNT), a relatively high neuronal density in
the lesion, is associatedwith highly epileptiform discharge patterns
such as continuous spiking or recruiting dischargers indicating that
such a high density might be crucial for the tissue to be able to
generate continuous spiking.43 An increase in neuronal density can
be the result of volume loss with a signiﬁcant increase in the
‘‘packaging density’’ of cells, especially large hypertrophic neurons
as has been reported in cases of temporal lobe epilepsy. If this is also
accompanied by increased perikaryal innervation from excitatory
synapses, thenneuronalhypertrophycouldplayan important role in
the hyperexcitability of neocortical tissue.44
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TN found in 10–50% of patients with hippocampal sclerosis is an
issue of intense debate.36 In our two groups of patients there was
no difference in seizure outcome as themajority of our TLE patients
with HS and with FCD associated, had a very favourable outcome
(Engel class I) after removal of the hippocampus and neocortical
areas with severe interictal activity on ECoG. A signiﬁcant
reduction in the neocortical post-excision SF was obtained in
our patients. Reports on the postoperative outcome of these
patients are controversial. Early studies reported that patientswith
hippocampal sclerosis and associated microscopic cortical dyspla-
sia have a higher risk for seizure recurrences after epilepsy
surgery23,35 as compared with patients with mesial temporal
sclerosis.
Our results are in keeping with more recent investigations.
These studies demonstrated a very favourable outcomewhen both
pathologies are removed.6,20,45 Fauser et al. found a tendency
towards a better outcome in milder forms of FCD, which was
similarly observed in the subgroup of patients with extratemporal
FCD, indicating that the outcome is affected not only by the high
coincidence of mild histological abnormalities with temporal
localization, but probably also by the histological subtype itself
[hypothesis (ii)]. Possibly, FCD Type-IIA is histologically more
widespread where the demarcation of FCD Type-IIA in MRI is less
clear than in other subtypes. Or even in the case of a similar
demarcation, incompleteness of the resection results in higher
recurrence rates in FCD Type-IIA, due to a higher epileptogenicity
of small amounts of remaining tissue.36
Our results were consistent with those of the previous studies
showing that patients with dual pathology of the temporal lobe
often only have architectural cortical abnormalities, that even in
the presence of severe neuronal ectopia, with or without
associated hippocampal sclerosis, these patients may have a
favourable clinical outcome following surgery.6
Previous studies suggest that dual pathology does not imply a
worse outcome regarding postsurgical seizure-freedom. Observed
differences in outcome have been attributed to the following
reasons: (a) Mild forms of FCD may have a better outcome only
because they are preferentially located in the temporal lobe. A
better outcome may be thus secondary for a better chance of
achieving complete surgical removal of the affected tissue. (b) The
histological subtype itself has an impact on the outcome in
patients with cortical dysplasias. In favour of our hypothesis (a),
patients with temporal lobe cortical dysplasias (with and without
dual pathology) tended to have a better postsurgical outcome than
patients with extratemporal cortical dysplasia.21 In addition,
poorest results have been reported in patients with multilobar
FCD and in patients with incomplete resection of the lesion, which
was more common in extratemporal FCD.21,46–48 Postsurgical
outcome data alone leave open questions regarding the relative
contribution of mild FCD to ictogenesis. The relationship found
between epileptiform discharge patterns and histopathological
changes is a strong argument for electrocorticographic tailoring of
the resection in patients with mild Palmini Type-I FCD. Never-
theless, studies with larger number of patients might be necessary.
5. Conclusions
Intraoperative electrocorticographic interictal discharge fre-
quency recorded in the neocortical inferior temporal gyrus may
help to characterize the histopathologic subtypes of mild Palmini
Type-I FCD in patients with temporal lobe epilepsy and a dual
pathology. Our data support the epileptogenicity of neocortical
mild FCD in TLE, and assessments of ECoG patterns are relevant to
determine the extent of the resection in these patients which can
inﬂuence the electroclinical outcome.Further studies are necessary to establish the pathophysio-
pathologic mechanisms responsible for epileptogenicity in regions
with mild forms of FCD.
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